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WIND-TUFNEL INVESTIGATION OF & PLAIN a¥D A SLOT-LIF .

am

AILERQN OF A WINFG WITH A FULL-SFAN SLOTTELD FLAF

By Francis M. Rogallo and Bartholomew S. Spano
SUVMaARY

An investigation was made in the NACA 7- by 10-foot
wind tmnnel of a slot~1lip aileron and a plain alleron
singly and in combination on an NACA 23012 wing with a
0.2566c full-span slotted flap. The static rolling.,:
yawing, and hinge moments were determired and are pre-
sented for several angles of attack and flap deflections.
Tane alleron-control characterlstics were computed for
slot-1lip and plain allerons llnked together in several
different ways. The results indicated that these devices
mey be combined so as to provide satisfactory alleron-
control characteristics throughout the useful flight
range on a wing with a full-sran slotted flar. Flight
tests are recommended.

INTRODUCTION

The NACA has recently undertaken an extensive lnves-
tlgation for the purpose of developing lateral-control de-
vices primarily for use with full-span tralling-edge high-
1ift devices. A large variety of spoiler, deflector, and
gslot lateral-control devices were tested on model wilngs
wlth full-span split and slotted flaps; static rolling,
yYawing, and hinge moments and time response were deter-
mined. (See reference 1l.) The most satisfactory of these
devices appeared to be & one-plece, plug-type, spoiler-
elot ailleron, the wind-tunnel development of which was re-
ported 1n reference 2.

More recently an effort has been made to develop
other promising lateral-control systems for .use with full-
sran flaps, particularly systems comprising conventional
devices and their combinations. An analysis of the results
presented in reference 3 indicated that a combination of




plain and slot-1lip alilerons might provide satisfactory
lateral control at all useful flight conditions. The
slot-11p alleror of reference 3 utilized the trailing
edge of the mair portion of the airfoll, and the plain
alleron was located at the tralling edge of the slotted
flap. Tnoese allerons were tested serarately in a tro-
dimersionel flow set-up; the positive-deflection rarnge
of the slot~1lipr aileron was not covered.

Iz the present investigation plaln and slot-1ip ailer-
ons slmlilar to those of reference 3 rere tested in combi-
nation over tue outer 37 percent of the semispan of a rec- -
taagelar HZACA 23012 wing with a full-span NACA slotted
flap. These tests covered boith positive and negative de-
flectlons of the ailerons. ¥From the test results aileron~
control characteristics were computed for plain and slot-
l1ip mllerons iinked together ir several ways. The com-
puted characterietics are included with the test results
i1n tLe present rerort.

AZPARATUS AND KETHODS

All tests were made ir tkhe .NACA 7- by 10-foot closed-
throat wind tunrel (see reference 4) at an air speed of
about 40 miles rer hour, corresponding to = test Reynolds
number of 1,500,000. The aileromg vere instaelled in the
outer 0. 37b/2 of a 4- by B-foot NACA 23012 wing with a
0. 2506c full-span slotted flap, as shown in figures 1 and“-
2. The flap installation was that designated 2-h 1in
reference 4, and the flap was operated along the patks
shovn 1n figure 2. The wing was suspenrnded horizontelly
in the wind tunnsel with the inboard end attacaed to the
tunnel wall so as to simlate the semispan of a 4- by 1o~
foot rectanguiar wing. The attachment at the tunnel wall
restrained tke wing in pitch bdbut not in roll or yaw. The
forces necessary to restraln the outboard end of the wing
were determined by means of the regular balance system.
The 11ft of the wliug with the allerons neutral was com-
puted from the verticel outboarld reaction and the assump-
tion that the lateral center of pressure of the semispan
was 0.45b/2 from the plane of symmetry. The rolling
moment was computed from the dlfference between the ver-
tical reactlons at tke outboard end of the wing with ail-
erons neutral and deflected; tne yawing moment was deter-
mined similarly from the horizontal reactions.
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- The allerons were manually -operated by means of
cranks ountside the tunnel wall near the inboard end of
the model. The aileron hinge moments were determined by
means of calldbrated torque rods connecting the allerons
and the cranks.

RESULTS

In the presentatlon of results, the following symbols
are used:

/
Cr, 1ift coefficient | ~I N
- \ as§ /
C:' rolling-norent coefficient LY
“ qts /
Cn' yawinz-moment coefficisat (_{L
abs »
c ni t i ¢ [ _Za 0
ninge-xomen ocefficien ———
ha & ¢ \q_SaCa_ /s
S, alleron hinze momsnt
c wing chord
Cg aileron chord measnred along the ailrfoil chord

line from the ninge axils of the alleron to
the tralling edge of the ailleron

L twlce the 11ft on the half-span model
S twice tkhe area of the half-span model

54 alleron area behind hinge line

b twice the span of the half-span model
Lt rolling moment abort wind axis
nt yawing moment abdbount wind axis

q dyramic pressure of alr stroeam



a uncorrected angle of attack

8 aileron or flap deflectlon, positive when trail-
ing edge moves down

Subscripts:

a alleron

sl glot-11ip alleron
D plain ailleron

f flar

A positive value of L' or Cy' corresponds to a

decrease in 1ift or the model, and a posltive value of ¥N!
or Op' corresponds to an lncrease in drag on the model.

Twice the actual 1lift, area, and span of the model wers
used in the reduction of results becaunse the model repre-
sents half of a complete wing, as has been previously
stated. ¥o corrections have been made for the effect of
the tunnel walls. Such corrections might, however, be
relatively large for the test lnstallation used.

The results for the flap-neutral condition (see fig.
3) were obtained with the bottom of the flap slot covered
and sealed, except for one test at o = 89, (See fig. 3
(b).) Comparison of the results of this test with those
of the corresponding test for the slot-sealed condition
shows that sealing the slot decreases the rolling-moment
effectiveness of the slot-1lip alleron, pagticularly at
low aileron deflectlons, and considerably alters its
hinge-moment characteristics, as was to be expected from
the resaults of references 1, 2, and 5. Slot-11ip aileron
resultes obtained with the slot open, as given 1n reference
3, are therefore not directly applicablie to designs incor-
porating a covered slot.

Aerodynamle characteristics of the two allerons with
the flap 1n its optimum high-11ft positions at deflections
of 20° and 30° are given in figures 4 and 5, respectively.
Characteristics of the slot- llp alleron alone with the
flap in its optimum positlions at deflectilons of 40° ana

50° are given in figure 6, where it may be seen that very



. little positive deflection of the alleron would be permis-
slble because of the adverse effect on rolling moment and
because the aileron contacts the flap. 1In order to allow
a greater positive movement of the slot-1ip alleron and
to improve the rolling moment, the flap was lowered te
the positions indicated by the modified path in filgure 2,
and combination tests of the two ailerons were made. (See
figs. 7 and 8.) The effect of the change of flap loca-
tion on as ostimated from the data of reference

gt

CL ]
max
4, 18 less than 3 percent.

The results presented herein may be compared with
those of semlspan plain and slot-1lip allerons as computed
from ssction data. (See reference 3.) The allerons of
the presert investigation (O.37b/2) should develop about
half as much rolling-moment coefficient as those of refer-
ence 3 1f the method of computation employed in reference
3 were directly apprlicadble. (See fig. 13 of reference 65.)
In some condlitions, however, particularly for the slot~
lip aileron at large angles of attack and flap deflec-
tions, the 0.37b/2 ailleron produced as much rolling-
moment coefficlent as was computed for the semlspan device.
The large discrepanclees noted indicate that for devices of
thie type the effects of cross flow are of great impor-
tance, and the effect of changes in the size and location
of epoller-type or slot-1lip ailerons cannot be computed
by the same methods as employed for plain ailerons on
plain wings., This conclusion 1s in agreement with refer-
ence 6 which states that, "The charts cannot be used with
devices that change the slope of the 11ft curve nor for
excesslve deflections that introduce disturbed air flow."
The slot-lip alleron probably does bdoth.

DISCUSSION OF CALCULATED RESULTS

In order to 1llustrate the mee of the test data here-
in presented, alleron-cantrol characterietics were comput-
ed for the allerons and the wing arrangement of a pursuit
alrplane as shown in figure 9. The span of the slot-1llp
alleron shown is 0.37b/2, the same as that on the wind-
tunnel model, and the span of the plain aileron is
0.56b/2, approximately 50 percent greater than that on
the wind-tunnel model. The chords of both ailerons are
10 percent of the mean chord of that portlon of the wing
in which the allerons are located. The 11ft coefficlent




of the representative airplane at any partlicular angle of
" attack and flap deflection was assumed to be that.of the
‘wing in the %unnel, computed as described under Apparatus
and Methods. These l11ft coefficients may not, however,
be. realizeéd.-or tae airplane.

Plein allerons.- The characteristicse of the plain
allerons of figure 9 linked for equal up and down deflec-
tions to a maximum of *+15° have been com;uted for slotted-
flap deflections of 0% and 20°. (See fig. 10.) A differ-
ential Iinkage tnat gives aprproximately the same maximmm
rolling moment as the egual ur and down deflections of

.%+15% 1g skhown in figure 1l. With this linkage a stick
deflection 5,. of 21° gives mileron deflections of 10,7°

and -~-19.7°, The computed aileron-control characteristics
of this system (see Ffig. 1l2) ars not significantly differ-
ent.from those.of the eonal-deflection system. although
the egual-deflectlon aratem has slightly lower stick
forces at maximnm deflectlon 1a the hligh-speed conditilon,
it bhas generall; greater adverse yawing moments. The
characteristices given in figures 10 and 12  were computed
from tke data of flgures 3 and 4 and the simple but ap-
proximately correct assumption (see fig. 13, reference 6)
that hinge, rolling, and yawlng noments are proportional
to the span of the plain ailerons. The characteristlcs

of the plein allerone alone were not camputed for the

flap at deflections of 30° or above because of tkLe large
sdverse yawing moments to be expected. If tkat portior

of the flap covered by the egilerors wers limited to a de-
flection of about 200, bowever, a lateral-control system
employing plain allerons alore migat be considered satlig-
factory.

Slot-14r ailerons.- Because of the limited down de-
flectlon of the slot-11lp aileron, control systems employ-
ing it require- - an extreme céifferential linkage such as
that shown 1n 1gure 1l over tae ranfge correaponding to a
differentiel crark deflection €3 of 50° This differ-
ential llinkage and the large up-floating tendency of the
allerons cawse an overbalancing c¢f the system, particu-
"‘larly in the high-1lift condition, as shown in figure 1Z,
This uneatisfactory stick-force may be remedied, however,
by the 1installation of springs in the system, as shown
schematically in figure 13. THe spring arrangement shown
gave the best resultant etick—force characteristics of
the several consldered.




- Iateral-control characteristics of the slot-1lip all-
+ erons with the spring arrangement shown in flgure 13 have
been computed for slotted-flap deflections from 20° to 50°.
(See fig. 14.) Tach aileron was assumed to have the char-
acterlistics shown in figures 4, 65, 7, and 8, without cor-
rections for tunnel effect or plan form varlatlons. With
the flap at 20° the stick forces may be excéessive. In
view of the high rolling moments produced by this system
relative to those of conventloral allerons, however, 1%
appears practicable to reduce the stick forces through a
reduction of the span, ckord, or deflection of the ailsr-
ong, Such a modification would elso tend to ellmlinate
the extremely rapid rise of rolling moment with initial
stick deflection at flap deflections of 40° and 50°. 1In
general, the characteristice of this system improve wilth
flayr deflectlion, whercas the orrosite is true for the
plain ailleron.

¥o computations were made for slot-1lip ailerons alone
with the flap completely retracted because the linkage
agsumed (see fig. 11) would not permit movement of the
ailerons. . Althougk the linkage could be modifled to per-
mit deflection of the upgolng aileron only, no lateral-
control syastem employing such a linkage has ever been
generally accerted. 1IZ the slot-lip allerons were up-
rigged about 10° when the flap was retracted, a differ-
entilal eystem similar to that of figure 11 could bde
employed. The uprigging would also tend to eliminate the
effect of the 1nltial flat spot in the rolling-moment
curves. (See fig. 3.) BRBefore such an arrangement ise
€lven serious conslderatlon, however, the drag increase
gccompanying the alleron uprigging should be determined.

Slot-1ip and plain alleron combinatlons.- A control
system could be designed to permit the use of plain aller-
ons alone up to flap deflections of about 20° and slot-
lip allerons alone at all greater flap deflectlons, the
8kift from one devlice to the other being made abruptly.

If a gradual transition 1s desired it may be made by
mears of a system such as 1s shown schematically in fig-
ure 15. The alleron-cantrol characteristics at a flap

deflection of 20° with the linkage system of figure 15 in
an intermediate position (linkage 4p, tabdle I) are
shown 1n figure 16, The plain allerons are deflected
equally up and down to 38.3° and the slot-1lip allerons
are deflected a maximum of 19.7° up and 10.7° down. In
the computation of these characteristics, and of those to



follow, it was assumed that the hinge~-moment coefficients
of each of the two types of alleron, when 1ln comblnatlon,
were as glvean in figures 3 to B8, even taough in the as~
geumed arrangenent (sees fig. 9) the plain aileron extends
beyond the slot-1llp aileron at both the lnboard and the
outboard ends. It 1s known that there 1s some spanwlse
spread of tne dlsturbed flow region behind tkhe slot-lip
ailerons, but thls spread may not be sufficlent to cover
the plain atleron of figure 9. 1In the computation of the
rolling- .and the yawing-moment coefficlents the incre-
ments of . C' and Cp' due to deflectior of the .plain

alleron, when in combination with the slot-1lip alleron,
wore increased by 50 percent of the lncrements shown in
figures 3 to 8 in ordsr to take account of the 50-percent
ii:crease in plain-ailerun spen. It shounld be remembered
that hi:ge-moment coefficlents are based on the chord and
tne area of the alleroxn, whereas rolling- and yawing-
moment coefficlente are bossed oxn the span and the area of
the complete wirg. Increasizg thas spaad of a device may
therefore increase the actual hinge momert prorortionate-
ly with the increase in elleron sran even though the
hinge-moment coefficient may remain uncharnged.

With the linksge erstem shown in figure 15 adjusted
to give simultaneous deflectlors of the adjacent slot-1lip

and plain ailerons of -45.8° end -25°, respectively, wlhen
the stick is deflccted 21° (lirkage A5, tabdle I) =
strings are required to give accerntadle stick-force vari-
atione with tke flap deflected 30°. Computoed characteris-

tics of such a system at angles of attack of -6° and 15°
are szaown 1n fizgzure 17; at intermedimte angles of attacl:’
the curves would probavly lie tetreén those drawa., It
wlll be seen that the adverse yawing-moment coefficierts
are very high at the hlzgh angle of attack, about one-
tiird of the rolling-moment coefficlents. The ratio of
adverse yawlirg to rollirg moment wvould be much anigher at
flaep deflections of 40° and 50° than at 30°.

It arvears that a reversal of tlhe motlor of the plain
alleron relative to tnat of the slgt-1ip aileron might im-
prove the lateral control at high flap deflections. With
this possibility in mind a linkage system was designed
(see filg. 18) to give the same differentilal ratio to the
rlaln ailerons as to tie slot-1llp allerons, but with the
two moving in opposite dirsctions at high flap deflections
(1inkage 3B;, table I). The deflections of the plain



ailerons” in thid conbinadtiorn were mEsumed to be one-third
those of the adjacent slot-1lip allerons, but of the oppo-
site silgn., The rolling-moment characteristics at flap de-

flections of 30°, 40°, and 50° (see fig. 19) are not far
different from those of the slot-~lip ailerons alone. (See
fig. 14.) The combination Bystem has lower adverse yawing
moments but higher stick forces and poorer stick-force
variation. Control-linkage syetem A wilth springs, more-
over, 1as considered less complicated and more reliabdle-
than linkage system B, even though system B requlres
no springs.

In the foregoing dlscussion only a few of the many
poesible methods of combining plain and slot-lip ailerons
have been considered. The computed characteristics of
the assumed systems appear to be satisfactory and could,
no doubdbt, be further improved by a more complete study of
alleron arrangements and linkages. It 18 not considered
profitabdble, however, to spend very much time refining a
proposed system on the basls of the wind-tunnel results
presented in thls report becanse the change of aerodynamic
characteristics dne to changes of plan form, wing sectlon,
and the arrangement and detall deslgn of the ailerons may
be large. The datm preserted are consldered useful pri-
marily for mal"lng a prelimlnary deslgn of s particular
lznatellation that is to undergo further development
elther in 2 wind tunnel or 1n flight.

CONCLUDING REMARKS

On the basls of results presented herein it appears
that slot-11p é&4nd plain allerons may be combined so as to
provide satisfactory aileron-control characteristics
throughout the useful flight range on a wing with & full-
span slotted flap. Flight teste are recommended.

Langley ¥emorial Aeronautical Laboratory,
National Advisory Committee for Aeronauwtics,
Langley ¥ield, Va.
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TABLE I.- AILERON DEFLECTIO¥S CORRBRESFONDING

*~ 10 "A"STICE DEFLECTION:  OF-21°-T70- THE RIGHT

Right wing Left wing

Linkege | Springs Figure
(2) (0) |8y (deg) |8g1 (Beg) | &y (deg) 847 (deg) | (c)
4, No -15 0 15 0 10
A, Yes -£.3 -15.7 £.3 10.7 16
Aa No -25 -46.9 ©d 6.2 17
A, Yes 0 -46.6 0 6.2 14
By No =15.7 0 10.7 0] 1z
Ba No 1.5 -46.6 -2.1 5.2 1§

®Linkage A, to A, are obtained with linkage
eystem A (eee fig. 15). Linkage 2B, and B,

are obtained with linkage srystem B (see fig.
18).

bSprings employed are as shown in figures 13 and
15.

®Figures showing computed alleron-control charac-
terlstilcs.




Figs. 1, 2
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Flgure 1.- Schematio diegram of test set-up.

Flap nose path from reference 4. Modified path.
8 ,(deg) [x ,%e |y ,%e 6r ,(deg) | x ,% | ¥ %

0 8.36 | 3.91 40 1.50 3.20

20 3.83 | 3.45 50 .50 2.50

30 2.63 | 3.37

40 1.35 | 2.43

50 50| 1.63
To c=4 -— -
wing .827¢
LE .727¢ 100c

#.Flap nose palh) from reference 4
& Modified path

-~R=~.0/45¢c

2566¢

Figure 2.- The 0.37 b/2 slot-1lip and plain allerons on an 8-foot semispan NACA 23012 wing
with a 0.2566¢c full-span slotted flap.
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Figure 9.- Assumed aileron and slotted-flap arrangement
on a pursuit airplane wing.

Stick

~a

Variable crank length

\

Spring system for A, and A,
\ (see fig.13)

\

A)

\

g 8

i ——— X Y

Slot-lip L \\\_,E Stick mmnnz= Slot-lip
o pivot

L) —0— HCe

Plain Plain

Figure 15.- Schematic diagram of linkage system A to
operate ailerons in combination.

Stick

Varrable cronk lengfhs
/
\

S/ot-lip

Plain
® FPrvot

All differential motion is assumed
to take place between pivots 1 and 2
as shown in figure 1l.

Figure 18.- Schematic diagram of linkage system B to operate
ailerons in cembination.




NACA

Fig. 10a.b

R —— U
> ‘w_dfl:zoo
Sa
50 50
&, deg C, V,mphH o, deg Cp V,mph
a /47 253 a -6 .34 183
o 8 76 122 A / 1.04 104
o) /5 1.4l 89 o 8 1.7/ 80
40 40 o /5 234 69
f
Q Q
5 30 S 30
Q Q
C 5 R
L / L
I 20 § 20 —
= oy
G / “ ]
0 /0 A
L ,,/44ﬁ //{ :::::’ﬁ
PR =
o O o 9
QT Q
o o
0 A ~ 20 %f
@ @
¢ S 7
2 7 5 - !
S 0 8 /0 &
3 A r B o
3 //K AN /;/éﬁ
5 o a0
., 02 - 02
S ()
A N
) S
N g ig 0-s§§§
t —— ] N [ —
s | T e [
E o :EJ \o\\\o
L. o2 ‘ §-.02
5 Q
g 5
° 3
3 N -
> o .02 .04 .06 08 .10 > 0o .02 .04 .06 .08 /0

Rolling -moment coefficient, Cy
Figure 10a.- Slotted flap retracted.

Rolling-moment coefficient, ¢,/
Figure 10b.- Slotted flap deflected 20°.

Figure 10a to b.~ The characteristice of plain ailerons linked for equal deflections, maximum Sn -z 15°,



Up

2.0 -50
V.

&, is for plain ailerons (figure /2) / 40

L6 &, /s for slot ljp ailerons (figure I4)

I.2 ! '/ 30

i I/V
I/

8 ——— 20
dd ad_| | i~ &,
Cﬂy4 dﬁL”/’ //’//> | /10

wZ o Ca ]
/ 1
0 va t a
'Z /
NG .

-.4P T — /0
| jDown
~50 -40 -0 -20 ] -10 ;0 1 20 ] 30 40 50 deg
L2 I; 7 21 deg
2 /4 /2 21 deg

Figure 11.- Differential linkeges.

O,.chlzl |III||II|
—T - *— 2 d- q Y ]
i '&a‘z’fg 15 268 64
! 50 15+ 361 61
1
c==
Stot-lip aileron —
Aerodynamic —
force 4
| ""'EFVW17’bVCG'—‘
- Spring effective af . — — Combined
[ stick deflections above 4.2° force
12 —
_,—/
8 > <
',,/ ) ,,—"
g i i
— 1T 1|
4 =
§ f - —-ﬁs_\.;
Py -1 1
v, A Q\
Y]
5 42° N
s N
54 <~
&
N
8 <
‘n\\‘~
/20 1 I 1 1 1 1 1 1 N 15 20

5 0
Stick deflection, 6, .deg

Figure 13.- The effect of springs on stick-force
characteristics,

VOVN

eI'TT *o31d



Stick force, 1b

Stick deflection, s, , deg

Yawing-moment coefficient, ¢y’

NAQCA

Fig. 13a, b

- i 6-’-00 -
50 50
d: deg C’Ir Vl’”ph
a - .34
A / /g}4 104
o & 80
40 40 o /5 234 69
)i Q
30 5 %
/ s
L
20 é 20
%)
10 5 10
o />
| o1 | —
o o 0 )ﬁ—ﬁé::ﬁr/‘
3
20 a ;_; 20 o
@
y74 . #
QO
10 )//4 ‘& /0
N
] 3 §
0 50
.02 . 02
(1)
+>
3
O == ‘g o
[ . % ST N S
L \w\\\‘\dk_\‘
—— S 3]
E \\\\\\~<&~§J
-.02 g-02 -
5
O
(@) I3 (b)
0 02 04 o6 177 70 X ¢ 0z 07 06 08 70

Rollirng-moment coefficient, Cy
Figure i2a.~- Slotted flap retracted.

Rolling -moment coefficiert, C,
Figure 12b.- Slotted flaps deflected 30°.

Figure 12a to b.- The characteristics of plain ailerons linked for differential operation to 10.7° and ~19.79.




NACA

Fig. l4a,b

j !
] _ IR
50 ,, 1 50
H . &, deg Cp V,mphH &, deg C. V,mph
o =6 .34 /83 o -6 79 19
\ a 1 /04 102 a 1 /46 88
20 N o & 17/ 80 20 o 8 209 73
\ \ o /5 234 69 . o. /5 268 64
Q Q
m, 30 M, 30
5 £ /
L ,m
S 20 S 20
5 N/ 5 4
2. ped \u\ A
/0 / L "
> 0 N
@ 9
A \L A\
W 20 B et 2 -, 20 2l 2 o
m, o \D\ m., \
m /0 5 m /0
o= o~
i - : =
. ~
v 0 6 0
.. .02 ., .02
3 ®
(%] Q
-2 o
< = N —
o) |1 .9 L o1
nlm 0 | | a2 W 0 Lo |4
& > & @ﬁ&l\ "]
Y o ——
w IJ//.O w - —0
5 3 ~ —
ml.om mJQm
g g
o o
$ (@ |§ (v)
8] 8]
> 0 .02 .04. . .06 .08 /0 > 0 .02 .04 .06 .08 10
Rolling-momenrit coefficient, C; Rolting-moment coefficient, C{

Figure 14a.- Slotted flap deflected 307.

Figure 14b.- Slotted flap deflected 30°.
..:n:uo l4a to d.- The ocharacteristics of a glot-1ip aileron system employing springs.




Stick force, Ib

Stick deflection, 9,2, deg

Yowing-moment coefficient. ¢y’

NACA

Fig. l4¢, 4

Pl e
- o Tl _ - - - ~ 3= - — /l\
8, =40° Sr=50°
50 50
&, deg C, V,mph
o -5 .83 /76
40 2 é é{g gg - 40 a %, Zeg gLE V,/;r;ph
o /5 295 62 A / /65 82
¢ 8 223 7/
o /5 3.0/ G/
Q9
30 30
8
$
20 3 2
o
/ @ Lo
| 4 % T
/0 /u/ /A /0 )/——ﬁka{\
I T I e S B
0 o O
¥
20 /D/} % 20 =2 —
S L
/0 Za ‘§ /0 j//
s & / //
0 n 0
.02 - .02
o
®
R /nf/a :é) , g/__n_//a
s‘\—(} - [ 83 ] | o2
= T |8 1
o] |
S N ' o~
-.02 T §-.02 I S
3
N
O,
(e) IE (d)
AN
0 .02 04 06 08 20 >0 .02 .04 .06 08 40

Rollirrg ~moment coefficiert €,
Figure l4c.- Blotted flap defleoted 40°.

Rolling -momernt coeff/'(;‘/'enf, (4

Figure 14d.- Slotted flap deflected 50°.




Stick force, Ib

Stick deflection, 8, , deg

Yawing-moment coefficient, ¢’

NACA

———-—"C _ -
Sx 6,=20°
\_
50
&, deg C, V,mph
o - I+ /83
o /5 234 69
40
30
/’ L
20 ‘/
10 E/
e
g
20 / =
7
/0 4]
o
.02
0 :
)
-02 n
o2 04 o6 o8

Ro///ng-momenf coeff/"cient C '

Figure 16.- The characteristics of a com-

4z

bination system with linkage

. 8lotted flap deflected 20°.

Stick force, /b

Stick deflection, 85, deg

Yawing-moment coefficient, c,'

Figs. 16,17

S— x AR
.. 97
\4
50
%, deg € V.mph
40| o - 79 /9
o /5 268 64
/:
30
/
20 /
N E—
[
/10
/
O o= |
20 E
il
/0
_O'/V
/\7/
)3/
]
0 .
.02
0 \ = o —t .-—— P~—t——=h
\\
- =
ol __|
—~—__|
o .02 .04 .06 .08 /0 /2
Rolling-moment coefficient,
Figure 17.- The characteristics of a conbigltion ayster with linkage

Ay . 8lotted flap deflected 30°.




KACA Fig. 19s,b

{

N\
.

1

1

]

V\
1

6} = -'7_0° 6}- =I40°
L Y -
N\
50 50
«, deg Cp V,mph &, deg C; V,mph
o -6 78 18 o -6 83 /6
A / 146 88 A / .54 85
40 ¢ 8 209 73 40 o & 2/9 72
o /5 268 64 o /5 295 62
F
Q / Q
30 7 . 30 f
3 3
5 5
$ % 2 /
X x
g 20 o 20
5 /T z ANy
10 = Q S
po—"1 | O

Q
Q

A0
[

Ny
o
!
Ny
S
N
>

Stick deflection, B, deg
S

Stick deflection, 8, , deg
S

Y s
0 ) —

. .02 . .02

[ £

< o
o — *E\

& o0 p—r 2 0

N = § —~——

T - § I S R

Q 3 —

N N e
< N

£-.02 §-.02

9 Q

5 g

o >
5 (2) |§ (b)
S O

X 0 .02 .04 .06 .08 S0 > 0 .02 .04 .06 .08 10

Rolling-moment coefficient,C v Rolling -moment coefficiertt, C,
Figure 19a.- 8lotted flap deflacted 30°. Figure 19b.~ Slotted flap deflected 40°.

Figure 19a to c.~ The characteristics of a combinstion system with linkage Bz .




NACA

Stick force, b

Stick deflection, 8, deg

Yowing-moment coefficient.C '

/”’I
8,=50°
50 K \ﬁ/
&, deg € V.mph
40 - i
A / 165 82
¢ 8 223 7/
o /5 3.0/ 6/
30 :
i T
/0 ;/ b\N /ﬁ
= N — »
44¢’=§,~ ‘\\C:::xL ] o
o
20 0 A 0
=
/0 Z/
zzF‘Efingi/x
o
.02
aniigl
s S g —
T
Pl
po=oc ]
~.02
(c)
o .02 .04 .06 .08 10

Rolling-momenrt coefficiertt,C

Fig.

Figure 19c.-
Slotted

flap
deflected
50°.

The
characteriatics
of a
combination
syetem

with

linkage

32 .

19c




B e e

IIll)IIII!IIIHI IM "IHII Nl

3 4632

——\

I



